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Abstract
The objective of this study was to determine the effect of nickel (Ni) exposure on serum amylase
activity in nickel-plating workers in Bangalore (India). Sixty-nine subjects using Ni during the
electroplating process formed the exposed group. An equal number of age- and sex-matched subjects
working in the administration section formed the control group. Urine Ni levels were determined
using a flameless atomic absorption spectrophotometer. Serum amylase activity was determined using
spectrophotometric method with 2-chloro-4-nitrophenyl--d-maltotrioside as substrate. A significant
increase in urine Ni and serum amylase activity was noted in nickel platers as compared with the
control group. The level of serum amylase activity was positively and significantly associated with Ni
content in urine of nickel platers. Stepwise multiple regression analysis was used to assess the effects of
Ni exposure, life style confounding factors and presence of gastrointestinal problems on serum
amylase activity. The analysis showed that the subjects who had urine Ni levels beyond 10 mg g1 of
creatinine, nickel platers category, smoking and body mass index variables were significantly
associated with serum amylase activity. The results of this study suggest that the increased serum
amylase activity observed in nickel-exposed subjects could be used as a biomarker for investigating
pancreatic function in Ni exposure.
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Electroplating is the process of oxidation of metals using electrolyte containing acids or
bases. The process of electroplating involves three steps: cleaning, plating and post-
treatment of the metal subject to electroplating. Nickel (Ni) is used as soluble salts (nickel
chloride and nickel sulphate) in the electroplating of various objects used in the watch
manufacturing industry. The temperature is maintained at 50C in the electroplating bath.
At this temperature, Ni salts are decomposed into metal ions. In biological systems,
Ni forms a complex with adenosine triphosphate, amino acids, peptides, proteins and
deoxyribonucleic acid [1]. The workers engaged in this process are exposed to Ni through
inhalation, ingestion and dermal contact. Inhalation is the primary route of occupational
exposure to metals [2]. The studies relating to occupational exposure to Ni during nickel-
plating process have shown that nasal toxicity [3], nickel dermatitis [4], allergic contact
dermatitis and hand dermatitis [5–7], occupational asthma [8], mortality due to stomach
cancer and lung cancer [9] and renal tubular dysfunction [10] have been observed in nickel-
plating workers. Exposure to Ni has been shown to result in an increased level of trypsin and
a decreased level of carboxypeptidase B in the pancreatic tissue of animals [11]. The human
pancreas secretes 1.64–2.24 mmol of Ni per day into the duodenum [12]. The risk of
pancreatic cancer was significantly associated with worksite exposure to Ni and Ni
compounds [13]. No reports are available regarding occupational exposure to Ni and the
effect on serum amylase as an indicator of exocrine pancreatic function. Serum amylase,
serum lipase, urinary amylase and amylase–creatinine clearance ratio tests have been used
to assess pancreatic dysfunction [14–17]. Therefore, this study was undertaken to
determine the effect of Ni exposure on serum amylase activity in nickel-plating workers.
Materials and methods
The study involved 119 male subjects working in the watch manufacturing industry located
in Bangalore (India). These subjects are divided into study and control groups. The study
group consisted of 69 workers who were involved in nickel plating and were considered
nickel-exposed workers. These 69 nickel-exposed workers were further categorized into two
groups according to their jobs in the industry: (1) 50 nickel-exposed workers were ‘nickel
platers,’ who were involved in the nickel-plating process and (2) 19 workers were ‘nickel
helpers’, who were involved in the loading and unloading of items and assisting the
nickel platers. The nickel-exposed workers had an exposure to Ni ranging from 10 to 20
years. In the administrative section, 50 workers with no exposure to Ni were considered as
the control group. Control subjects were matched regarding age and socio-economic status
with nickel-exposed workers.
Demographic information, work history, habits and health profiles of all subjects were
collected with the help of a questionnaire. Nasal problems (nasal irritation 6% and loss of
smell 8%), respiratory problems (cough with sputum 6% and cough without sputum 8%)
and gastrointestinal problems (gastritis 6%, epigastrites 8%, loss of appetite 4% and
abdominal pain 8%) were reported in nickel subjects. Subjects with a history of diabetes or
hypertension were excluded from the study. The ethical committee approved the study.
Informed consent was obtained from each of the subjects included in this study.
Whole blood (2 ml) was collected from each subject in a test tube and centrifuged at
3000 rpm for 10 min at 4C. Serum and red blood cells were separated. The collected
serum was used for the determination of amylase activity.




























Urine samples from the study subjects were collected (at the end of a shift) in metal-free
polyethylene bottles. The levels of Ni in urine were determined by the method of Andersen
et al. [18], using a flameless atomic absorption spectrophotometer equipped with a graphite
furnace (GF-3000) and an auto sampler (PAL-3000). The standard curve of Ni was
obtained using working standard solution of 0–30 mg L1. The internal standard of Ni
(3 mg L1) was added to the urine and analyzed and a recovery rate of 98% was obtained.
Urine Ni level was standardized with urine creatinine concentration measured by the Jaffe
reaction method reported by Husdan and Rapoport [19] (urine Ni levels were expressed
as mg g1 of creatinine).
Serum amylase activity (E.C.3.2.1.1)
The level of serum amylase activity was determined by the method of Gella et al. [20].
Amylase catalyses the hydrolysis of 2-chloro-4-nitrophenyl-malto-trioside to 2-chloro-
n-nitrophenol and maltotriose. The serum amylase activity is determined from the rate of
2-chloro-4-nitrophenol formation (yellow-colored compound), which is measured at
405 nm using an ultraviolet (UV)–Visible spectrophotometer (Shimadzu, model-UV-
1601-PC). One unit of enzyme activity is defined as the amount of enzyme required to
convert 1mol of substrate such as 2-chloro-4-nitrophenyl-malto-trioside to 2-chloro-4-
nitrophenol per liter of serum sample at 37C. The level of serum amylase activity was
expressed as unit/litre of serum.
Statistical analysis
SPSS package, version 7.5 for windows, was used for statistical analysis of the data.
Student’s t-test was used to compare the means for age, duration of work, urine Ni levels
and serum amylase activity among study subjects. The 2 test was used to compare the
proportions of high levels of serum amylase activity and urine Ni between study subjects.
The cutoff value for urine Ni levels was410mg g1 of creatinine, and serum amylase activity
was 477 U/L (95th percentile of control group as mean 2 SD); these were used to
compare the proportions between study subjects. Pearson’s correlation coefficient was used
to estimate the correlation between urine Ni and serum amylase activity. Stepwise multiple
regression analysis was used to assess the effect of Ni exposure, life style confounding factors
and the presence of gastrointestinal problems on serum amylase activity.
Results
Table I shows the demographic details of study subjects. The average age, duration of
exposure and body mass index (BMI) of study subjects were suitably matched.
The mean levels of urine Ni and serum amylase activity of study subjects are shown in
Table II. It can be noted from the table that the levels of urine Ni and serum amylase
activity were significantly increased in nickel platers as compared with the control group.
There was no difference between nickel helpers and the control group.
The proportions of higher levels of urine Ni and serum amylase activity in study subjects
are shown in Table III. The cutoff values of urine Ni410mg g1 of creatinine and serum
amylase activity477 U/L were used as 95th percentile (mean 2SD) of control subjects.
The proportions of higher levels of urine Ni and serum amylase activity of nickel platers
were shown to be significantly related to Ni exposure.



























Table IV shows the correlation coefficients (r) between urine Ni and serum
amylase activity in different job category of subjects. A positive correlation was found
between urine Ni levels and serum amylase activity in different job category of
study subjects. The correlation coefficient among nickel platers was shown to be significant
at P50.01.
Table V shows the results of stepwise multiple regression analysis of variables that affect
the serum amylase activity. The variables included in the regression model were as follows:
job category (1 ¼ nickel platers, 2¼nickel helpers and 2¼ control group), BMI (1¼
18–24.9 kg m2, 2¼ 25–29.9 kg m2 and 3¼430 kg m2), smoking (1¼no and 2¼ yes),
alcohol consumption (1¼usually, 2¼ sometimes and 3¼never), levels of Ni in urine
(1¼10mg g1 of creatinine and 2¼410mg g1 of creatinine) and the presence of
gastrointestinal problems (0¼no problems, 1¼ gastritis, 2¼ epigastritites, 3¼ loss of
appetite and 4¼ abdominal pain). Multiple regression analysis showed that the variables
such as job category (nickel platers), level of Ni in urine (subjects who had urine Ni levels
410mg g1 of creatinine) and smoking were significantly associated with serum amylase
activity. Other variables such as job category (nickel helpers), control subjects, presence of
gastrointestinal problems, alcohol consumption and level of Ni in urine (urine
Ni 10 mg g1 of creatinine) were not associated with serum amylase activity.
Figure 1 shows the scatter plot comparing urine Ni levels and serum amylase activity
among study (nickel helpers and nickel platers) and control subjects.
Table III. Number (%) of subjects with urine Ni and serum amylase activity above cutoff values.
Variables Cutoff values Nickel platers (n¼50) Nickel helpers (n¼ 19) Controls (n¼50)
Urine Ni (mg g1 of creatinine) 410a 20(40)** 3(16) 2(4)
Serum amylase (U/L) 477a 7(14)** 0(0) 0(0)
Note: 2 test was used to compare the abnormal proportion of urine Ni and serum amylase. Figure in parentheses
indicates percentage of abnormal subjects.
aCutoff values as per 95th percentile of control group.
**P50.001.
Table II. Urine Ni and serum amylase activity in study subjects.
Variables Nickel platers (n¼ 50) Nickel helpers (n¼ 19) Controls (n¼50)
Urine Ni (mg g1 of creatinine) 116** 6.4 2.9 5.72.2
Serum amylase (U/L) 6210** 56 10 5511
Note: Values are represented as meanSD. Student’s-t test was used to compare urine Ni and serum amylase
activity.
**P50.001.
Table I. Demographic details of study subjects.
Variables Nickel platers (n¼ 50) Nickel helpers (n¼ 19) Controls (n¼50)
Age (years) 42.5 3.0 43 2.8 42.0 4.3
Work duration (years) 14.2 3.6 13.8 2.1 13.7 2.4
Body mass index (kg m2) 26.4 3.0 26 1.8 27 2.8
Note: Values are represented as meanSD. Student’s-t test was used to compare age, work duration and BMI.




























This study investigated the effect of occupational exposure to Ni on serum amylase activity.
These subjects were exposed to Ni from soluble nickel sulphate and nickel chloride during
the nickel-plating process [21]. These soluble compounds were absorbed rapidly through
the lungs [22]. The absorption of Ni is quantified in the urine samples of exposed and
control subjects. The level of Ni in urine is considered as a marker of Ni exposure [23].
Sunderman et al. [24] reported mean urine Ni content as 32 mg L1 in nickel-plating
workers and 27mg L1 in nickel-battery workers. This study was not corrected with urine
creatinine. The variability of urine output on the urine Ni content was corrected with urine
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Figure 1. Scatter plot comparing the urine Ni and serum amylase of study subjects.
Table V. Multiple regression analysis of variables that affect the serum amylase activity.
Variables Serum amylase (U/L)  (P-value) R2
Nickel platers 0.277 (0.000)* 0.214
Urine Ni410 (mg g1 of creatinine) 0.254 (0.014)* 0.218
Body mass index 2¼ 25–29.9 (kg m2) 0.202 (0.000)* 0.178
Smoking (cigarette smoked/day) 2¼ yes 0.266 (0.013)* 0.345
Alcohol consumption (drinks/week) 3¼never 0.208 (0.000)* 0.192
Gastrointestinal problems No¼ 0 0.214 (0.000) 0.218
*Regression coefficient and P-value significant at 0.05.
Table IV. Correlation coefficient (r) between urine Ni and serum amylase in different job categorys.
Variables Nickel platers (n¼ 50) Nickel helpers (n¼ 19) Controls (n¼50)
Serum amylase (U/L) 0.470** 0.133 0.075
**Correlation significant at 0.01.



























creatinine as per recommendation of international standard setting organizations such as
the American Conference of Governmental Industrial Hygienists. The level of urine Ni
reported in this study was similar to that reported in the study of Vyskocil et al. [25].
Since the estimation of serum amylase is more sensitive compared with that of the
amylase creatinine clearance ratio and serum lipase, the determination of serum amylase
activity is used for assessing the exocrine pancreatic function in subjects exposed to Ni.
Novelli et al. [26] reported increased levels of serum amylase activity in rats exposed to
nickel oxide and nickel sulphide. This study also reported higher levels of serum amylase
activity in workers exposed to Ni from soluble nickel compounds, viz., nickel chloride and
nickel sulphate.
In this study, it was noted that serum amylase activity was significantly higher in nickel
platers than in the control subjects. The level of serum amylase was positively and
significantly correlated with the levels of Ni in urine among nickel platers. Since the elevated
levels of serum amylase activity were found to be associated with lifestyle confounding
factors and presence of gastrointestinal problems. This study also assessed the effect of the
above-mentioned variables on serum amylase activity by using multiple regression analysis.
Carroccio et al. [27] reported that higher levels of pancreatic enzymes were not associated
with alcohol consumption, drug use and presence of abdominal pain. Maruyama et al. [28]
reported that alcohol consumption in subjects was not related to an increase in serum
amylase activity. During this study, it was noted that both alcohol consumption and the
presence of gastrointestinal problems had no influence on serum amylase activity.
Matsubara [29] reported a positive correlation between serum amylase activity and BMI.
Similarly, this study also reported a significant association between BMI and serum amylase
activity. Milnerowicz et al. [30] reported higher levels of serum amylase activity in smokers
as compared with the non-smokers, and the authors suggested that tobacco smoking had a
significant influence on pancreatic exocrine functions. During this study, it was noted that
smoking appeared to have a significant influence on the levels of serum amylase activity.
Conclusions
Level of Ni in urine (subjects who had urine Ni levels beyond 10mg g1 of creatinine), job
category (nickel-platers), smoking and body mass index were variables that showed
significant association with serum amylase activity. The level of serum amylase activity was
positively and significantly associated with the levels of Ni in urine among nickel platers.
Levels of Ni in urine (subjects who had urine Ni levels 510 mg g1 of creatinine), job
category (nickel helpers), control subjects, presence of gastrointestinal problems and
alcohol consumption were variables that did not show any significant association with
serum amylase activity.
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